[1] Multiple lines of evidence exist for a range of sediment mass movement processes within the shallow megasplay fault zone (MSFZ) area and the adjacent slope basin in the outer fore arc of the Nankai subduction zone, Japan. Diagnostic features observed in three-dimensional reflection seismic data and in cores of the Integrated Ocean Drilling Program (IODP) document a multifarious mass movement history spanning ∼2.87 million years. Various modes and scales of sediment remobilization can be related to the different morphotectonic settings in which they occurred. From this evidence, we decipher the tectonic control on slumping and mass transport deposition in the Nankai fore arc. Three periods of intensified mass wasting coincided with pulses of enhanced activity on the splay fault: (1) an initial phase of juvenile out-of-sequence thrusting ∼1.95 to 1.7 Ma, (2) a reactivation phase between ∼1.55 and 1.24 Ma, and (3) at about 1 Ma, during a phase of uplift of the fore-arc high and motion along the MSFZ. We suggest that slope oversteepening, extensional stress regimes, and lateral transmission of fluid overpressures may have preconditioned the slope sediments to fail. Individual mass-wasting events may have been triggered by dynamic loading from earthquake waves and/or transient pulses of pore pressure along the splay fault. Overall, our results provide insights into the complicated interplay between tectonic and submarine mass movement processes. We demonstrate that detailed knowledge about the spatial and temporal distribution of submarine mass movements can be integrated into a holistic reconstruction of tectonostratigraphic evolution of accretionary margins.
[1] Multiple lines of evidence exist for a range of sediment mass movement processes within the shallow megasplay fault zone (MSFZ) area and the adjacent slope basin in the outer fore arc of the Nankai subduction zone, Japan. Diagnostic features observed in three-dimensional reflection seismic data and in cores of the Integrated Ocean Drilling Program (IODP) document a multifarious mass movement history spanning ∼2.87 million years. Various modes and scales of sediment remobilization can be related to the different morphotectonic settings in which they occurred. From this evidence, we decipher the tectonic control on slumping and mass transport deposition in the Nankai fore arc. Three periods of intensified mass wasting coincided with pulses of enhanced activity on the splay fault: (1) an initial phase of juvenile out-of-sequence thrusting ∼1.95 to 1.7 Ma, (2) a reactivation phase between ∼1.55 and 1.24 Ma, and (3) at about 1 Ma, during a phase of uplift of the fore-arc high and motion along the MSFZ. We suggest that slope oversteepening, extensional stress regimes, and lateral transmission of fluid overpressures may have preconditioned the slope sediments to fail. Individual mass-wasting events may have been triggered by dynamic loading from earthquake waves and/or transient pulses of pore pressure along the splay fault. Overall, our results provide insights into the complicated interplay between tectonic and submarine mass movement processes. We demonstrate that detailed knowledge about the spatial and temporal distribution of submarine mass movements can be integrated into a holistic reconstruction of tectonostratigraphic evolution of accretionary margins.
Introduction
[2] Submarine mass movements are leading agents in downslope sediment mass transfer, sediment distribution, and shaping of seafloor topography. They are common on passive and active continental margins and play a major role in the stratigraphic evolution of sedimentary basin and continental slope environments [e.g., Hampton et al., 1996; Locat and Lee, 2002; Lee et al., 2007] . With attention increasingly focused on oceanic geohazards [e.g., Morgan et al., 2008] , submarine mass movements are gaining scrutiny because of their catastrophic impacts on both offshore infrastructures (pipelines, cables and platforms) and coastal areas (e.g., slideinduced tsunamis) [e.g., Masson et al., 2006; Mosher et al., 2010; and references therein] . Many studies have suggested that earthquake shaking is a likely ultimate trigger for initiation of slope failures [e.g., Keefer, 1984; Hampton et al., 1996] . However, long-term causal factors, including tectonic oversteepening, climatic and oceanographic conditions controlling sea level, sedimentation patterns and gas hydrate stability, as well as margin hydrogeology and fluid flow regimes, exert key roles in preconditioning submarine slopes to fail (see review papers by Hampton et al. [1996] , Locat and Lee [2002] , Masson et al. [2006] , Lee et al. [2007] , and also Camerlenghi et al. [2007] , Morgan et al. [2008] , and references therein).
[3] Whereas most of the largest known failures occur on passive margins and volcanic slopes [e.g., Moore et al., 1994; Hühnerbach and Masson, 2004; Chaytor et al., 2009] , submarine accretionary wedges generally are loci of rather diffuse slope instability, with a high concentration of small-to medium-scaled slump scars and associated mass transport deposits (MTDs) [e.g., McAdoo et al., 2004; Mosher et al., 2008; Moore et al., 2009] . Megaslides can also occur in subduction zones, however, due to steepening of the continental slope above underthrust relief (i.e., seamounts) on the subducting plate [e.g., von Huene et al., 2004; Hühnerbach et al., 2005; von Huene, 2008] and in the hanging wall block of thrust faults [e.g., Cochonat et al., 2002; Yamada et al., 2010] . The largest events may even affect the full width of the accretionary prism [Moore et al., 1976; Goldfinger et al., 2000] . Prodigious MTDs of this type have also been identified in outcrops on land, where they are often referred to as olistostromes [e.g., Lucente and Pini, 2008; Burg et al., 2008] . These outcrop studies, paired with numerical and analog modeling, also document the influence of rapid mass redistribution on thrust wedge mechanics and, in turn, on the structural evolution of the margin [e.g., Camerlenghi and Pini, 2009; Smit et al., 2010; Yamada et al., 2010] .
[4] Along the Nankai margin, which is the focus of this paper, many products of submarine mass movements have been identified in geophysical or core data [Ashi and Taira, 1992; Cochonat et al., 2002; Henry et al., 2002; Underwood et al., 2003b; Martin et al., 2004; McAdoo et al., 2004; Moore et al., 2007 Moore et al., , 2009 Kinoshita et al., 2009; Kawamura et al., 2009 Kawamura et al., , 2010 Strasser et al., 2009; Kimura et al., 2011] . In this study, we investigate multiple lines of evidence for slope failure at var-ious scales, including (1) scars and MTDs in threedimensional (3-D) reflection seismic data and (2) erosional surfaces and chaotic deposits in cores drilled during Integrated Ocean Drilling Program (IODP) Expedition 316 [Kimura et al., 2008; Expedition 316 Scientists, 2009b , 2009c , 2009d , which are both part of the Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE) [Tobin and Kinoshita, 2006] . By documenting slumping and mass transport deposition over a time span of more than 2 million years and by discussing their relation to the tectonostratigraphic evolution of the Nankai fore arc, we aim at identifying the different generic scenarios relevant for accretionary prism settings. Eventually, knowledge about the spatial and temporal distribution of submarine mass movements, along with a better understanding of their underlying geological processes aims at providing new insights on the tectonostratigraphic evolution of accretionary wedges.
Geological Setting

Nankai Accretionary Prism Along the Kumano Transect
[5] The Nankai accretionary complex off the coast of SW Japan is formed by subduction of the Philippine Sea plate beneath the Eurasian plate along the Nankai Trough (Figure 1a) . The SW-NE striking accretionary wedge mainly consists of scraped-off and underplated strata from the incoming trench fill and Shikoku Basin. This study focuses on the Kumano transect (Figure 1) , which is divided (from SE to NW) into six main morphotectonic zones: trench, frontal thrust zone (FTZ), imbricate thrust zone (ITZ), megasplay fault zone (MSFZ), Kumano Basin edge fault zone (KBEFZ), and the fore-arc (Kumano) basin [Moore et al., 2009] . [6] In the trench zone, a thick wedge of Quaternary trench deposits overlies Miocene-Pliocene Shikoku Basin sediments and subducting igneous basement ( Figure 1b) . As is typical of other parts of the Nankai Trough, there is a well-developed protothrust zone (PTZ), but the PTZ is overlain by a slice of trench strata previously accreted into the prism and emplaced over the trench strata by an out-of-sequence thrust (OOST) [Moore et al., 2009; Screaton et al., 2009] . The FTZ, therefore, is highly complex with steep slopes and a large embayment interpreted as a slump scar, possibly reflecting indentation by a recently subducted seamount [Moore et al., 2009] . The deposits from this prism toe collapse are found as irregular hummocky bathymetry seaward of the embayment, and the trench axial channel has been deflected significantly due to axial flows moving around the obstruction [Moore et al., 2009; Kawamura et al., 2010] . [7] Landward of the deformation front is the ITZ, a series of thrust packages reflecting past in-sequence thrusting and accretion. The ITZ is overlain by slope sediments deposited in slope basins within the ridge basin topography typical of fold-and-thrust belts developed in many accretionary prisms [e.g., Morley, 2009] . The slope basins and their deposits generally increase in depth and thickness landward from southeast to northwest (Figure 1b) . [8] Beneath the upper slope and Kumano Basin, a regional splay fault system, first recognized by Park et al. [2002] and later termed "megasplay" by Tobin and Kinoshita [2006] , discontinuously cuts across the older part of the accretionary prism [Moore et al., 2007 [Moore et al., , 2009 . The shallow part of the MSFZ is a complex thrust system with backward breaking branches that truncate the imbricate thrust faults within the accretionary prism and override younger slope basin sediments [Moore et al., 2007] (see section 2.2 below). Landward of the MSFZ, along the fore-arc high, the Kumano fore-arc basin is bordered on the southeast by a topographic valley. Beneath the valley is a fault zone that may have a combination of normal and strike-slip faults (KBEFZ [Martin et al., 2010] ). More than 1 km of sediment is imaged in the Kumano fore-arc basin. The seaward portion of the basin section is progressively tilted toward land, likely because of repeated motion on the megasplay fault [Park et al., 2002] . New analyses of data by Gulick et al.
[2010] point toward a major phase of landward tilting and inferred megasplay activity between 1.3 and 1 Ma. This activity postdates an earlier phase of asymmetric fore-arc high uplift (strongest uplift in the southwestern part of the Kumano transect) that may have occurred in concert with splay fault steepening and underthrusting of a large volume of sediment beneath the thrust [Bangs et al., 2009] .
Shallow Megasplay Fault Zone and Adjacent Slope Basin
[9] Our study focuses on the shallow MSFZ area and an adjacent slope basin that is being overridden by the accretionary prism in the hanging wall. Previous studies indicated that the tectonostratigraphic system in this area started ∼2.2 Ma in a frontal prism toe position when an emerging trench slope basin was formed in concert with in-sequence forward imbrication of accreted strata [Strasser et al., 2009] . Splay fault movement initiated ∼1.95 Ma as an OOST in the lower part of the prism. Since ∼1.55 Ma, this initial OOST was uplifted and became reactivated, favoring ongoing "megasplay" slip along it [Strasser et al., 2009] . In the eastern part of the study area, along the NanTroSEIZE drilling transect, it appears that displacement along the shallow segment of the megasplay fault ceased ∼1.24 Ma, suggesting that it only experienced a relatively short period of high activity between ∼1.55-1.24 Ma [Strasser et al., 2009] . Along the seawardmost shallow megasplay branch in the western part, there is no substantial movement recorded during that period, possibly due to folding of the deeper splay fault in this area [Kimura et al., 2011; Bangs et al., 2009] .
[10] After a short reactivation phase around 1.24 Ma, the seaward most branch in the western part of the study area became inactive [Kimura et al., 2011] . However, seismic data clearly show that the megasplay truncates very young sediments near the seabed west of the study area [Moore et al., 2007] , indicating that various small segments of the fault system are moving somewhat independently. As a result, slip along the splay fault in the study area might not be in the shallow branch but in other branches located landward [Moore et al., 2007] . Furthermore, structural interpretation of 3-D seismic data by Kimura et al. [2011] demonstrates that the deformation is not limited to the splay fault, itself, but results in much broader and scattered deformation. Thus, splay fault activity and deformation in the surrounding geologic bodies are interrelated. This linkage is evident from ENE striking elongated anticlines that repeatedly developed in the accretionary prism underlying the slope basin seaward of the MSFZ; the anticlines resulted in synsedimentary doming of the slope sediments, development of NW and WNW trending normal faults, and frequent mass wasting [Kimura et al., 2011] . The northern wing of one prominent anticline has a gentler dip than the southern limb, resulting in an asymmetric separation of the slope basin into two parts: an upper, up to 600 m thick basin that deepens toward NW, where it is overridden by the splay fault, and a lower, up to 1000 m thick basin that deepens toward SW (Figure 2 ). The transition from the upper to the lower basin correlates to a seaward dipping low-angle on-lap surface (inferred unconformity) and a bathymetric step along which several slump scars occur (Figure 2 ). Numerous small-scale slump scars are also present in the hanging wall block of the splay fault, in particular in the western part, where the slope is generally rougher and steeper (Figure 2 ) [Kimura et al., 2011] .
Lithostratigraphy and Seismic Stratigraphy of the Upper Slope Basin
[11] IODP NanTroSEIZE Stage 1 drilled three locations in this area (multiple holes at Site C0004, Hole C0008A, and Hole C0008C) (Figures 1-3) . The results from Holes C0008A and C provide a reference section of sediments in the upper slope basin. Site C0004 cored the accretionary prism in the hanging wall of the splay fault, slope sediments that lie above the prism, and slope basin sediments that are in the footwall of the splay fault. Figure 3 and Table 1 summarize the compiled lithostratigraphy and age constraints for key stratigraphic horizons and sedimentary units used in this study. At Hole C0008A, the slope basin stratigraphic succession unconformably overlies the older accretionary prism composed of sand-rich trench wedge turbidites. Collectively, these units now form the top of the anticlinal structure and comprise (from bottom to top) the following.
[12] Unit 1c, which is dominated by greenish-gray silty clay with beds of sand, sandy silt, silt, and volcanic ash layers. The lowermost part of this unit consists of a 40 m thick succession comprising MTDs that were deposited between ∼1.95 and 1. 65-1.8 Ma ([Expedition 316 Scientists, 2009d] see details below in section 4.2). In the middle part of Unit 1c, a key seismic horizon of high reflectivity can be correlated throughout the upper slope basin (seismic horizon A) and matches a coarse ∼3.5 m thick sand layer in the core.
[13] Unit 1b, which consists of several parallel high-reflective horizons within the middle of the slope basin that correlate to a stratigraphic succession showing abundant coarse turbidite layers interbedded with greenish-gray silty clay and volcanic ash. Nannofossils and magnetostratigraphy document that unit 1b ranges from ∼1.55 Ma to 1.07 Ma in age [Expedition 316 Scientists, 2009d] . [14] Unit 1a, which is the uppermost unit of slope sediments. It is composed mainly of greenish-gray silty clay and silt turbidites with several ash layers. Nannofossils and magnetostratigraphy document a significant hiatus (extending from ∼0.9 Ma to 0.06 Ma) near the top of the stratigraphic succession (see details below in section 4.2). Figure 9 ). The map in the upper right corner is modified from Moore et al. [2009] and shows the location of the study area (red square represents outline of perspective 3-D block) with respect to the predominant morphotectonic zones (see Figure 1 for abbreviation), outline of 3-D seismic box (dashed box), and location of CDEX 2-D seismic line (C17) [Taira et al., 2005] shown in Figure S3 in the auxiliary material.
[15] At Site C0004, slope sediments above the uplifted accretionary prism are composed of greenishgray silty clay, silty and sandy turbidites, and several ash layers. Their ages range from ∼1.7 Ma at the base to Holocene at the seafloor ( Figure 3 ). As pointed out by Kimura et al. [2011] , the stratigraphic succession is not temporally continuous and is affected by erosion. As a result, comparable unit subdivisions and detailed correlation with slope sediments at Site C0008 are impossible. This interpretation of missing section is supported further by the occurrence of a biostratigraphic datum equal to 0.44 Ma at a depth of only 8.4 m below seafloor (mbsf) (X. Su, Data report: Occurrence of age-diagnostic nannofossil species and biostratigraphic datum at IODP Exp. 316 Sites C0004 and C0008, Nankai Trough, submitted to NanTroSEIZE Stage 1: Investigations of Seismogenesis, Nankai Trough, Japan, Proceedings of the Integrated Ocean Drilling Program, 314/315/316, 2010; see details below in section 4.2).
[16] At the base of the slope sediments that lie above the uplifted prism, there is a sharp angular unconformity with a hiatus spanning ∼200 to 500 kyr [Expedition 316 [17] Sediments overridden by the splay fault at Site C0004 consist of dark olive gray silty clay with common thin sand and silt beds. These sediments can be correlated on the basis of both age and lithology to the upper half of unit 1c recovered at Site C0008A (Figure 3 ). Expedition 316 Scientists [2009c Scientists [ , 2009d reported significantly lower porosities in the underthrust section compared to the reference section at Site C0008, suggesting that permeability is sufficiently high to allow compaction following underthrusting [Kimura et al., 2008] .
Material and Methods
3-D Seismic Data
[18] Seismic data presented here are part of a 12 km wide, 60 km long, 3-D seismic reflection volume acquired using a commercial seismic vessel towing two air gun source arrays (each totaling 3090 cu in) and four 4.5 km long hydrophone streamers [Moore et al., 2009] . The recorded seismic wavefield data were processed first using a 3-D prestack time migration, and later a prestack depth migration was performed (see details of processing procedures in the study by Moore et al. [2009] ). The interval between inlines (oriented NW-SE) and crosslines (oriented SW-NE) of the resulting data set is 18.75 m and 12.5 m, respectively. The vertical resolution for the interval of interest in this study is between 5 and 20 m (i.e., 5-7 m near the seafloor, 10-20 m at depths near 1400 mbsf [Moore et al., 2009] ). [19] In order to investigate the temporal and spatial distribution of the observed mass movement features in core and seismic data, and to study its relationship to the overall slope basin tectono-stratigraphic evolution and splay fault activity, we correlate age constraints from cores along the NanTroSEIZE drilling transect [Expedition 316 Scientists, 2009c , 2009d Su, submitted manuscript, 2010] with the 3-D seismic data. Key horizons are mapped throughout the slope basin using standard seismic stratigraphic mapping tools implemented in the Paradigm seismic interpretation software. Details of seismic-to-core correlation, seismic stratigraphy and seismic-horizon correlation from the upper to the lower slope basin are presented in Figures S1 and S2 in the auxiliary material. 
Core Material Analysis
[20] Some of the core data presented here were generated on board D/V Chikyu during IODP Expedition 316 using standard IODP methods and procedures (see explanatory notes in the study by Expedition 316 Scientists [2009b] ). These data include visual split-core description (VCD), biostratigraphy and magnetostratigraphy, physical property measurements, and scanning of whole round core segments by X-ray computed tomography (X-CT). The latter creates a 3-D image of the core and enables visualization of internal sediment structure missed by conventional VCD.
[21] Selected samples from MTDs were analyzed postexpedition in laboratories at the MARUM, University of Bremen (physical index properties and MTD clast texture and shape) and the University of Missouri (X-ray diffraction analysis (XRD) of the clay size fraction). These data provide the means to infer the source and formation mechanism of the observed MTDs. Semi-indurated mud clasts were subsampled manually by picking under the microscope. The subsamples were analyzed for their physical index properties following the standard procedure after Blum [1997] . Using a handheld high-precision gauge we measured thickness (short length), width (intermediate length) and length (longest length) of 72 individual clasts and calculated elongation and flatness ratio as the ratio of thickness to width and the ratio of width to length, respectively. Elements of clast texture (particle shape, sphericity and roundness) were analyzed following Drake [1970] and Pettijohn et al. [1972] . The clay mineral assemblages were assessed after separating the clay size fraction (<2 mm) according to the methods of Underwood et al. [2003a] . We express each relative mineral abundance as a weight percent of the clay size fraction (where smectite + illite + chlorite + kaolinite + quartz = 100%). The calculations are based on peak areas for basal reflections and a matrix of normalization factors, which were solved for comparable mixtures of mineral standards using singular value decomposition (SVD). Average errors associated with measurements of the standard mineral mixtures are 2.7% for smectite, 0.9% for illite, 1.8% for chlorite + kaolinite, and 1.2% for quartz.
Results
Evidence for Slope Failure and MTDs in 3-D Seismic Data
[22] Slope failures and resultant MTDs are typically recognized in seismic data by reflection truncations, on-lap geometries and their characteristic chaotic-to-transparent acoustic facies, respectively, which remain preserved in the geological record long after their burial. Hence, seismic data contain characteristic fingerprints to identify and map products of submarine mass movement events throughout the slope basins.
[23] The succession of MTDs identified in cores from the lower slope basin deposits at Site C0008 (see section 2.3 above and more details in section 4.2 below) corresponds on seismic data to a package characterized by low-amplitude, fuzzy reflections with short lateral continuity (Figure 3 ). This body thickens toward the NW where it has been fully overridden by the hanging wall of the splay fault. Some individual MTDs are thick enough toward the NW to be seismically resolved (i.e., >10-20 m in thickness), where they occur as wedge-shaped, low-amplitude bodies of a few hundred meters horizontal extent (Figure 3 ).
[24] Along strike, this MTD succession in the lower part of unit 1c can be followed in seismic data for several km, as evident in the slope-parallel seismic line shown in Figure 4 . This observation suggests that early Pleistocene mass wasting occurred on a broader, regional scale. In contrast, the sedimentary breccias observed in the uppermost part of the prism at Site C0004C (see section 2.3 and more details below in section 4.2) have no obviously correlative acoustic facies that can be mapped spatially. They thus appear to be the product of a more localized Figure 3 , with higher vertical exaggeration and extended farther seaward (toward SE) to better illustrate the buried anticline structure (see Figure 2) , and seaward dipping low-angle surface (see also Kimura et al. [2011] for more details) and products of submarine mass movements. The horizontal axis indicates crossline numbers. The colors for interpretation, seismic stratigraphic horizons and units are the same as those in Figures 3 and 4 . See text for a detailed interpretation.
phenomenon, as also suggested by the absence of coeval sedimentary breccias in nearby Hole C0004D [Expedition 316 Scientists, 2009c] .
[25] Geometric manifestations of the two age gaps in the shallow subsurface at Sites C0004 and C0008 (see section 2.3 and more details below in section 4.2) are expressed in bathymetric and seismic data. Figure 5 , displaying the profile from Figure 3 with higher vertical exaggeration and extended seaward toward SE, shows two convexdownward erosional surfaces that truncate seismic reflections in the vicinity of Sites C0004 and C0008. Each of these surfaces correlates by depth to the stratigraphic hiatus observed in the cores, and their 3-D geometries relate to amphitheater-shaped slope failure scars in the bathymetry (Figure 2 ). The correlative shallow erosional features are also evident by reflection truncations in the eastern part of the along-strike profile shown in Figure 4 . The maximum heights of the scars near Sites C0004 and C0008 are ∼40 and 90 m, respectively. These values provide us with lower limits to the estimated thickness of material eroded from the relatively young submarine slope failure events.
[26] Southeast of Site C0008, a seaward dipping seismic reflection parallels the underlying reflection ( Figure 5 ). We interpret this reflection as the basal glide plane of a rotational slide in the transition zone between the head scar and main deposition area of the associated MTD. This MTD is imaged in Figure 5 by an acoustically chaotic-to-transparent body up to 50 m thick and thinning toward SE. The youngest seismic reflection overlying the MTD laps onto the scar and the basal glide plane surface. In the proximal zone, the base of the MTD is defined by the seismic horizon correlative to the glide plane. Toward the distal edge of the basal glide plane, the base of the MTD successively steps upward, truncating successively younger horizons to the SE. The overall geometry is consistent with a rotational mode of mass movement, the defining attribute for slumps [e.g., Lee et al., 2007, and references therein] , with only minor translational slip along a layer-parallel glide plane in the transition zone and frontal ramping by the toe of the failed mass ( Figure 6 ). Disintegration of strata during downslope transport likely evolved into a clast-andmatrix mass flow, leading to the distinctive chaotic-to-transparent acoustic facies of the MTD in the depositional area.
[27] As evident in Figures 2 and 5 , slumping also results in a prominent bathymetric step at the location where the growing anticline structure separates the upper and lower slope basin. There, NW and WNW trending normal faults are developed, and a seaward dipping low-angle surface cuts through the overlying slope sediments (Figures 3  and 5) . The low-angle surface truncates seismic horizons of the upper slope basin; this truncation is particularly evident for the interval of parallel highamplitude reflections of unit 1b. As also noted by Kimura et al. [2011] , the low-angle surface appears to offset older stratigraphic horizons in a normal sense; however, in its shallower part it clearly coincides with the head scarp surface of the slump. Hence, the feature represents the slip zone of a slump onto which younger sediments onlap. In our conceptual slump model and resulting seismic geometries (Figure 6 ), onlap onto this unconformity may include "pseudo-onlaps" that form where strata drape the steeper slump scar and glide plane surface but become too thin to be seismically imaged (Figure 6c ). This interpretation also explains the apparent offsets of seismic stratigraphic horizons as observed in Figure 5 (e.g., horizons G and B).
[28] Character and size of slumps in the shallow MSFZ area and along the seaward side of the growing anticline structure both vary along strike. Figure 4 shows that toward the west, the upper part of unit 1b displays prominent reflection truncations of horizons G to O (around inline (IL) 2450-2400 and 2200-2170); these truncations are indicative of a large mass-wasting event that eroded a ∼5 km wide and up to 150 m thick slope portion in the SW part of the study area at a time coincident with the age of horizon O (estimated to be younger than 1.05 Ma but older than 0.9 Ma based on seismicto-core correlation around Site C0008A, Table 1, Figure 3 , and Figure S1 ). Its location also coincides with an area where the surface character of the steeper slope above the tip of the MSFZ changes from smooth and sediment covered, in the eastern part, to rough in the western part with many smallscale slumps scars that erode into the accretionary prism [Kimura et al., 2011] (Figure 2 ). The depression excavated by this large mass-wasting event is still partly evident in the bathymetry (Figure 2) , although it has been filled with up to 175 m of sediment. Within the postevent sedimentary succession, we see stacking of several small-scale, acoustically chaotic-to-transparent, wedge-shaped bodies (Figure 4) . Those bodies are interpreted as MTDs resulting from repetitious slumping along the steep slope in the hanging wall block of MSFZ, as evidenced by many slump scars in Figure 2. [29] The diagnostic fingerprints of MTDs, including (1) chaotic-to-transparent acoustic facies overlying upramping reflection truncations and (2) on-lap geometries onto layer-parallel erosional surfaces, can be found throughout the lower slope basin, and they typically occur within the upper stratigraphic succession correlative to unit 1a. Figure 7 shows examples of buried MTDs and slump structures along IL 2315. Here, as well as in the profile shown in Figure 8 , the sedimentary succession of the lower slope basin shows distinct differences between unit 1a and 1b.
[30] Unit 1a is characterized by a low-amplitude reflection pattern and comprises laterally confined, Figure 6 . Schematic conceptual slump model and resulting geometries observed in seismic data reconstructed for (a) prefailure stage, (b) failure stage, and (c) postfailure stage. The characteristic "slump fingerprint" in seismic data comprising chaotic-to-transparent acoustic facies, truncation, and on-lap geometries remain preserved in the geological record and thus allow for identifying and detail mapping of older slump events, as schematically shown in Figure 6c . acoustically transparent-to-chaotic MTDs with several reflection truncations. The sedimentary regime is dominated by small-to medium-scale mass-wasting processes. Where slump fingerprints are identified in the shallower subsurface toward the east of IL 2315, they generally relate to slump scars along the topographic step above the anticline.
[31] Unit 1b comprises two types of acoustic facies: subparallel high-amplitude reflections, and lowamplitude wedges and layers that thin out toward the basin flanks. We interpret the latter type of acoustic response as MTDs ranging from 20 m to 50 m in thickness and with substantial lateral extension, as they can be traced over several km along strike in 3-D seismic data (generally thickening toward SW, i.e., toward the depocenter of the lower slope basin). Alternatively, considering that the correlative interval of unit 1b at Site C0008 corresponds to interbedded thin turbidites and mud, the acoustic character and considerably higher thickness of unit 1b in the lower slope basin may have resulted from turbidite deposition also focusing in the depocenter of the lower slope basin.
[32] A prominent MTD, associated to time horizon O and thus time correlative to the large erosional event described above, occurs at the transition between the two units and can be mapped over 20 km 2 (Figure 9 ). The MTD reaches a maximum thickness of 182 m in the SW corner of the 3-D seismic box, and it thins out ∼2 km southwest of the area covered by the 3-D seismic cube, as imaged on a NE-SW trending seismic profile from the 2003 CDEX commercial 2-D survey ( Figure S3 ) [Taira et al., 2005] . We estimate the total volume of the MTD to be ∼2 km 3 . This is based on 1.54 km 3 calculated from the 3-D seismic data plus ∼0.5 km 3 to account for additional volume outside of the 3-D seismic data, which is roughly 25% of the total MTD volume as indicated by 2-D seismic lines east of the 3-D box ( Figure S3 ) [Taira et al., 2005] . The base of the MTD comprises two steps, up to ∼25 m and 45 m high (a shallower one in the northernmost part of the depositional area and a deeper one striking NE to SW in the middle-to-eastern part, respectively), that are characterized by upramping reflection truncation (Figures 7 and 8 ). These steps indicate that the mass movement eroded part of the lower basin's sedimentary succession within its area of deposition. Spatial mapping of these steps reveals that the deepest erosion took place in a scoopshaped area in the shallowest, most proximal northern portion of the MTD (Figure 9 ). Mass movement from the north is consistent with the large, buried scar in the SW part of the upper slope basin (see above) being genetically related to the large MTD in the lower slope basin. This interpretation is reinforced by the correlation of reconstructed spatial geometries for head scars and sidewalls, as well as upramping structures and thickness distribution in the source and depositional area (Figure 9 ). The northwestern upslope extension of the head scar cannot be constrained from 3-D seismic data, because it has been affected by continuous erosion of the accretionary prism by recent slumping along the steep slope in the hanging wall block of the MSFZ.
[33] Only in the westernmost portion, as imaged in the seismic line shown in Figure 8 , does a possible relationship exist between the splay fault and slope Figure S3 . failure scar. The seaward most branch that accommodated most of the out-of-sequence displacement appears to have become inactive about 1.5 Ma (i.e., time equivalent to the deposition of seismic horizon B in Figure 8 ). Conversely, a younger and shallower, more landward branch of the splay fault cuts through into overlying slope sediments, thereby documenting short-term splay fault reactivation about 1.24-1 Ma [Kimura et al., 2011] . Figure 8 shows that the tip of this young branch soles into the basal area of the slide scar. Thus, we suggest a possible cause and effect between splay fault activity and the initiation of large-scale slope collapse (see discussion in section 5.3 below).
Evidence for Mass Movements in Core
Along the NanTroSEIZE Drilling Transect [34] Cores containing the oldest MTDs from the study area occur within the uppermost part of the accretionary prism in Hole C0004C, from a depth interval of 78.06-117.72 mbsf. The dominant lithology of this ∼40 m thick, 2.06-2.87 Ma MTD succession is a synsedimentary breccia made of subangular clasts of pebble size with subsidiary silty clay horizons (hereafter termed upper Pliocene MTD). This interval was recognized only in Hole C0004C, as interpretation of the correlative depth interval at nearby Hole C0004D was hampered by low recovery and poor core quality [Expedition 316 Scientists, 2009c] . Both the clasts and the matrix of the breccia are composed of dark greenish gray silty clay without discernible compositional differences. The breccia is clast supported in places and matrix supported in others. Between them, homogenous muddy interbeds are found and interpreted to result from hemipelagic settling between episodic mass-wasting events. Patches of hemipelagic mud clasts occur near the base of breccia beds, indicating reworking of seafloor during masswasting deposition.
[35] The boundary between this upper Pliocene MTD and the overlying Pleistocene hemipelagic slope sediments is a sharp angular unconformity that dips ∼50° (Figures 10a and 10b) . The unconformity coincides with a significant hiatus spanning between 1.46 and 1.6 and 2.06-2.52 Ma, and between 1.77 and 1.95 Ma, as constrained by nannofossil biostratigraphy and magnetostratigraphy, respectively [Expedition 316 Scientists, 2009c; Su, submitted manuscript, 2010] . Bulk density increases down the borehole across the boundary from 1.68 to 1.79 g/cm 3 , and porosity abruptly decreases from ∼59% to 53% [Expedition 316 Scientists, 2009c] , consistent with the transition from less compacted Quaternary slope sediments to more compacted Pliocene prism sediments. Pyrite mineralization is clearly visible in the first 5 cm below the unconformity, where it forms cubes and aggregates of cubes that fill nearvertical fractures within the sedimentary breccias (Figure 10b and Animation S1). The pyrite-filled fractures end abruptly at the upper surface of the unconformity. From these observations, we suggest that strata immediately below the unconformity preserve a complicated paragenetic sequence that encompasses burial, chemical alteration, erosion, and perhaps prolonged seafloor exposure. In conjunction with the seismic data we interpret the angular unconformity to represent a fossil slide scar along which slope failure event(s) excavated part of the upper accretionary prism and slope apron, followed by burial beneath younger slope sediments.
[36] A series of interbedded mud clast gravels and silty clay beds occupy the lowermost slope basin deposits at Site C0008. They can be correlated as the distal parts of MTDs identified in seismic data within the lower part of unit 1c (see section 4.1 above). These lower Pleistocene deposits are time correlative to the hiatus and slide scar recognized at Site C0004. Gravel beds range from 2 to 80 cm thick and are composed of slightly indurated greenish gray to dark greenish gray, poorly sorted silty clay clasts and few pumice pebbles. The clasts range in size from <1 mm to 5 cm (Figures 10f and 11b) . The matrix is olive to greenish gray silty clay or silt, and the clast-matrix fabric varies from matrix supported to clast supported. In contrast with the subangular breccia clasts, the great majority of gravel clasts are rounded to subrounded, and their 3-D shapes are generally cubic to subspherical (Figure 11 ). This suggests no significant postdepositional deformation or consolidation. Furthermore, there are no significant differences between clasts, matrix, and interbeds of mud in bulk density, grain density, or fractional porosity (Figure 12 ), which indicates that the clasts were soft at the time of deposition and that no differential compaction occurred thereafter between clasts and matrix.
[37] The only significant differences among gravel clasts, matrix, the mud interbeds, and overlying deposits of hemipelagic mud come from the composition of the clay mineral assemblages ( Figure 13 ). All of the clast samples that we analyzed yielded lower relative percentages of chlorite + kaolinite and significantly higher contents of smectite, relative to the surrounding matrix. The consistent enrichment of smectite from matrix to clast averages about 10 wt %, which is well above the error of the method (<3 wt %).
[38] Previous studies of the Nankai depositional system (including sites in the Shikoku Basin) provide a robust framework to interpret these results. Those XRD data have established consistent temporal trends in the clay mineral assemblages, which have been linked to gradual changes in terrestrial sediment sources and deep-marine dispersal systems. Smectite content is the most diagnostic indicator of stratigraphic affinity because those values gradually increase downsection and show the most spread [Underwood and Pickering, 1996] . Following that logic, the most likely provenance for mud clasts with moderate contents of smectite (∼40-50 wt %) is within the upper Miocene to lower Pliocene interval of the stratigraphy [e.g., Steurer and Underwood, 2003] . This interpretation of a recycled Miocene-Pliocene prism source for the mud clasts is supported further by XRD data from Sites C0001, C0002, and C0004 [Guo et al., 2009] . Although the mineral assemblages from older slope apron deposits display some overlap with younger accretionary prism samples, the MTD clasts show greater compositional affinity to an average value for early Pliocene or latest Miocene samples from the accretionary prism ( Figure 13 ). We suggest, therefore, that accreted Pliocene strata in the hanging wall of the megasplay fault acted as [39] We see ample evidence of erosion and remobilization of slightly indurated accreted material that had been thrust up along the megasplay fault, and the subsequent mass transport of mud clasts occurred while the clasts were supported by a matrix of sandy mud (i.e., as cohesive debris flows). Some of the source material may have been modified into mud clasts before remobilization (e.g., sedimentary breccias in the upper Pliocene MTD at Site C0004). This type of recycling would explain the peculiar rounded clast geometries. Hence, the brecciated slide scar at Site C0004 could be genetically linked to the upper Pleistocene MTDs at Site C0008 (see further discussion below in section 5.1).
[40] Cores from the younger slope basin deposits immediately overlying the upper Pleistocene MTDs at Site C0008 (i.e., the upper part of unit 1c and unit 1b) lack clear evidence for MTDs. However, nannofossil assemblages within this succession show mixing and reworking of older species between ∼1.6 and 1.07 Ma [Expedition 316 Scientists, 2009d; Su, submitted manuscript, 2010] , which might be a consequence of frequent remobilization of the slope apron.
[41] Additional evidence for MTDs are observed in the shallowest part of Site C0008, within core 2H, and is related to the stratigraphic gap ranging between ∼0.9 Ma and 0.06 Ma [Expedition 316 Scientists, 2009d; Su, submitted manuscript, 2010] . Where the sediment shows color banding and interbeds of sand and silt, rotation and shearing resulted in deformed and distorted stratification (Figures 10c and 10d) . Where the sediment is homogenous greenish gray silty clay, evidence for [Drake, 1970] showing particle shape and sphericity of 72 analyzed individual clasts sampled from MTDs recovered from the lowermost part of the slope stratigraphic succession at Sites C0008A and C, as a function of their elongation and flatness ratio. Roundness of clasts follows classification by Pettijohn et al. [1972] . ( sediment mass movement can only be recognized in X-CT images that show small differences in density; for example, small sub-mm-scale mineralized borrow structures, which generally form as vertical cm-dm-scale subvertical tubes in undisturbed sediment. Figure 10e (and Animation S2) shows semitransparent rendering of an X-CT image (and 3-D visualization animation, respectively) that appears homogenous upon visual examination of the split core. This image shows a chaotic organization of the mineralized borrow structures, suggesting that most of the homogenous silty clay in core C0008A-2H is a MTD. Its origin most likely relates to the slump scar described above in section 4.1. This relation is reinforced by the fact that, near-seafloor porosity values are anomalously low, suggesting removal of overburden sediment, of estimated thickness 105 m at this site [Conin et al., 2011] . This estimate is comparable by order of magnitude to our minimum estimate for erosion by slumping interpreted from seismic data (90 m; see section 4.1 above). We therefore interpret the MTD observed in core C0008A-2H as very proximal deposit of this slump, possibly also related to slope readjustment of the relatively steep head scar region after the main slope failure event.
[42] No comparable evidence for slump or debris flow deposits was observed in cores from the uppermost part of Site C0004, where biostratigraphy and paleomagnetic data document the absence of sediment younger than 0.44 Ma. At this site, Conin et al. [2011] also report anomalously low porosity near the seafloor and suggest that this age gap is best explained by recent erosion of ∼57 m of overburden. This interpretation is further supported by geometric manifestations of slump scars in seismic and bathymetric data, from which we estimate a minimum value for recent erosion by slumping of ∼40 m (see above in section 4.1). Only a thin veneer of sediment, which is at least ∼10,000 years old, was deposited after the erosional event, as indicated by radiocarbon stratigraphy of the top meter at Site C0004 (A. Sakaguchi et al., Episodic seafloor mud brecciation due to great subduction zone earthquakes, submitted to Geology, 2011). This interval also comprises the youngest evidence for sediment mobilization and redeposition in the study area, with repeated occurrences of few cm thick mud breccias, the youngest of which has been deposited within the last 40-60 years (Sakaguchi et al., submitted manuscript, 2011) . They suggest that this youngest example of seafloor mud brecciation correlates to the most recent megathrust earthquake in the study area, the M w 8.2 Tonankai earthquake in 1944 [Ando, 1975] .
Discussion
[43] Core and seismic data presented above document various mass movements of different scales that have affected the accreted strata that were thrust up along the megasplay fault and slope sediments, above and seaward of the MSFZ. The mass movement features range in age from 2.87 Ma to very recent (within the last century). This time period spans the system's tectonostratigraphic evolution from frontal accretion in a prism toe position, to an emergence of trench slope basin Figure 13 . Clay mineralogy of the clay size fraction, expressed as a function of the weight percent of smectite and (chlorite+kaolinte). Significant differences exist between MTD clasts, matrix, and overlying/interbedded background strata. As a comparison, the XRD data from Sites C0001, 2, 4, and 8 [Guo et al., 2009 ] are plotted as two broad classes distinguishing between slope apron sediment (blue dots) and older accreted strata (green dots) (see text for discussion).
sedimentation and out-of-sequence thrusting, to uplift, ongoing megasplay activity and late Pleistocene to Holocene slope apron sediment deposition [Strasser et al., 2009] . Hence, submarine slope failure scars and MTDs in different stratigraphic positions reflect processes within different morphotectonic regimes of the evolving Nankai margin. In sections 5.1-5.4, we place the observed mass movement features into a context of how tectonostratigraphic position might have influenced their mechanical behavior. A schematic summary is presented in Figure 14 , which shows the timing and setting of mass-wasting events and processes in relation to the tectonic evolution of the area.
Slope Failure at the Deformation Front and Along the Juvenile Splay Fault System
[44] The structure, fabric, age, and stratigraphic position of the upper Pliocene MTD cored at Site C0004C collectively indicate that it formed by episodic remobilization of strata at shallow burial depths near the toe of the late Pliocene accretionary prism. Due to its limited lateral extent, we interpret this MTD as a local phenomenon and, thus, it may have been nothing more than a small slump along the oversteepened slope of a nascent ridge at the deformation front. The products of comparable processes are observed in bathymetric data of the modern prism toe environment. Frontal collapses of Figure 14 . Schematic summary representation showing timing, nature, and inferred trigger mechanisms and preconditioning factors for submarine mass movement processes observed in the study area in relation to their morphotectonic setting in which they occur and the tectonic evolution of the Nankai fore arc. The colors indicate whether processes affected the whole study area (gray) or only the western and eastern domain (blue and red, respectively). The structural evolution phases are summarized after (1) Strasser et al. [2009] , (2) Kimura et al. [2011] , (3) Bangs et al. [2009] , (4) Gulick et al. [2010] , and (5) Moore et al. [2007] . FTZ, frontal thrust zone; OOST, out-of-sequence thrust; MSFZ, megasplay fault zone; MTD, mass transport deposit. Blue and red stars indicated individual slump events described in detail in this study, and colors indicated the area in which they occurred (western and eastern part of the study area, respectively). See section 5 for detailed discussion. different sizes and scales create embayment structures and hummocky deposits that deflect the trench's axial channel to a more seaward position [Kawamura et al., 2010] . A long-lasting deflection or complete blockage of axial transport systems may also help to explain why the uppermost part of accretionary prism is anomalously mudstone rich at Sites C0001 and C0004 [Expedition 315 Scientists, 2009a; Expedition 316 Scientists, 2009c] . Frontal oversteepening and collapses of the prism toe are often linked to subduction of elevated seafloor topography, such as seamounts [e.g., von Huene, 2008; Screaton et al., 2009] . [45] As the prism continued to evolve, and out-ofsequence thrusting initiated about 1.95 Ma, the accreted strata and late Pliocene MTD were uplifted along the juvenile splay fault, which overrode the emerging trench wedge basin [Strasser et al., 2009] . At the location of Site C0004, this overthrusting resulted in a shift from a regime of sediment accumulation to a location on the steepening hanging wall, along which slope failure and remobilization of poorly consolidated material predominated. This adjustment is preserved in the stratigraphy by the buried slide scar at Hole C0004C, and the erosional products that were deposited between ∼1.95 and 1.8 Ma in the adjacent slope basin. This period of slope failures and MTD formation is time correlative to a highactivity phase of fault movements along the splay fault, as documented by >1300 m of horizontal throw in only 150 ka (8.6 m/ka) [Strasser et al., 2009] . Likewise, onset of sedimentation above the slide scar, and cessation of mass transport deposition in the slope basin after ∼1.7 Ma, both correlate in time with a significant reduction of throw rates along the splay fault [Strasser et al., 2009] . This provides strong evidence for linking fault activity to submarine mass movement initiation.
[46] Possible causal links between faults and slope failure initiation include oversteepening of slopes above the fault and dynamic loading by earthquake shaking. In particular, amplification of seismic ground shaking can occur in the hanging wall of a splay fault (hanging wall effect [Abrahamson and Somerville, 1996] ) if the fault ruptures coseismically, as has been interpreted for the Nankai megasplay and other splay fault systems [e.g., Plafker, 1972; Tanioka and Satake, 2001; Baba et al., 2006] . Assuming that the ∼1300 m throw along the fault between 1.95 and 1.8 Ma accumulated periodically during megathrust earthquakes, and assuming meter-scale coseismic slip [Tanioka and Satake, 2001; Kikuchi et al., 2003] , the longterm displacement rate would be consistent with an average earthquake recurrence interval of ∼115 years, which is roughly the same as the historical record of great earthquakes across the Nankai margin [Ando, 1975] .
Slope Failure Along the Seaward Side of Growing Anticline Structures
[47] Stacked MTDs within interbedded turbidites and mud of varying thickness cover large parts of the sedimentary succession in the lower slope basin (unit 1b). These deposits are time correlative to significant erosion occurring along the seaward dipping, low-angle surface above the growing anticline that separates the upper from the lower slope basin. This conclusion is supported by truncation of the high-amplitude reflections correlating to stacked turbidite deposits of unit 1b in the upper basin. As outlined above, we interpret the lowangle surface as a multiple-slump detachment surface. Sediment remobilization along this surface may partly have been by continuous small-scale slumping ( Figure S2 ), and interpreted MTDs within the turbidite sequence in the lower basin likely represent the correlative deposits. This connection indicates yet another seaward shift of MTD source and deposition away from the MSFZ, and it likely relates to a temporal change in the deformation style of the splay fault system and the growing anticline structure within the underlying accretionary prism [Bangs et al., 2009; Gulick et al., 2010; Kimura et al., 2011] (see section 2.2 above).
[48] The geometric relation between the low-angle surface and inferred source area of the MTD, above and seaward of the growing anticline structure, respectively, suggests that the likelihood of slope failure may be exacerbated by the extensional stress field near the top of the anticline, which also is inferred from high-angle normal faults observed in core and seismic data [Kimura et al., 2011] (see also Figures 4 and 5) . Another collateral contribution to instability may be the underthrusting of highly permeable sand layers below the splay fault. Porosities are lower in the underthrust section at Site C0004 as compared to the reference section at Site C0008 [Expedition 316 Scientists, 2009c , 2009d (see section 2.3 above). Compactioninduced dewatering of mud during underthrusting was very efficient, likely by draining into interbeds of sand and lateral fluid flow [Kimura et al., 2008] . In addition to pressure transmission within the slope basin sediments, the sand-rich interval that forms the anticline beneath the megasplay may also transmit fluid pressure [Rowe and Screaton, 2009] . Where these permeable layers meet low overburden on steepening slopes of the growing anticline structures, fluid overpressures and lower effective stress may have reduced the shear strength enough to promote frequent failure. Lateral transmission of overpressured fluids from areas with thicker to thinner overburden is a mechanism for enhancing slope failure along passive continental margins [Dugan and Flemings, 2000] . In subduction zones, comparable conditions might exist where out-ofsequence faults override slope basins. Additionally, transient pulses of high pore pressure may be transferred along sand beds during megathrust earthquakes. Seismic ground shaking also enhances the chances of submarine slope failure.
Large-Scale Slope Collapse Along the SW Hanging Wall Block of the Megasplay Fault
[49] At about 1 Ma an exceptional mass-wasting event eroded a large part of the upper slope basin, slope apron, and hanging wall of the MSFZ in the SW part of the study area. This led to deposition of a prominent, up to 182 m thick MTD in the lower slope basin. On the basis of the geometric relation between the splay fault and slope failure scar (see section 4.1 above and Figure 8 ), we speculate that slope failure may have been triggered by movement along the splay and/or by fluid expulsion along the fault into the bedding-parallel basal glide plane of the slide. This interpretation is supported by the temporal coincidence of the megacollapse with a period of extensive motion along the megasplay between 1.3 and 1 Ma [Gulick et al., 2010] . Bangs et al. [2009] documented steepening of the splay fault in the western portion from asymmetric fore-arc high uplift and thickness distribution of a large volume of underthrust sediment beneath the thrust. This interval of accretion likely resulted in slope oversteepening and an unfavorable shift toward lower slope stability, preconditioning the slope to failure.
Younger Slumps Affecting the Eroded Prism and the Upper Sedimentary Cover
[50] As outlined above in section 4.1, the exceptionally thick MTD separates the stratigraphic succession of the lower slope basin into two parts, thereby recording a change in the style of deposition and mass movement around that time. Direct influence of splay fault activity was likely reduced, as we see no direct evidence for displacement along the seaward most branch of the splay fault younger than ∼1.24-1 Ma. If the effects of differential compaction and lateral transmission of fluids were reduced as a consequence (possibly also in line with a general decrease in sedimentation rates with cessation of turbidite deposition), this may explain why younger MTDs in the study area are smaller than its older counterpart.
[51] We also document significant along-strike variations in the upper slope basin and MSFZ slope area (see section 4.1 above). We attribute these variations to the legacy of the large slope collapse that occurred around ∼1 Ma. That event significantly changed the slope geometry and eroded most of the upper slope cover. Additionally, the differences may relate to a structural separation between the eastern and western portion of the MSFZ as reported by Kimura et al. [2011] . Frequent mass wasting and synsedimentary deformation in the eastern part may be related to the fact that deformation there is much broader and scattered, as well as interrelated with deformation of the underlying accretionary prism and not limited to the splay fault only. The preconditioning scenarios for shallow-seated slides confined to the sedimentary cover, therefore, may be similar to our description above. The contribution from ground accelerations during large earthquakes, and related transient pore pressure phenomena, then constitute a plausible trigger mechanism for sediment instability. This idea is supported by core-derived evidence for the most recent mobilization and redeposition of sediment; a thin mud brecciation layer related to the 1944 M w 8.2 Tonankai earthquake (Sakaguchi et al., submitted manuscript, 2011).
Summary and Conclusions
[52] IODP cores and 3-D reflection seismic data from the shallow MSFZ and adjacent slope basin of the Nankai accretionary wedge record a history of multifarious submarine mass movements spanning from 2.87 Ma to within the last century. We document how downslope sediment mass transfer and sediment redistribution influenced the stratigraphic evolution of the slope system overlying folds and thrusts in the evolving Nankai accretionary wedge. The scale and styles of submarine slope failures changed temporally and spatially, and those changes were closely linked to the morphotectonic setting in which the mass movements occurred (Figure 14) . Of paramount importance for the stratigraphic evolution and mass transport deposition were the activity and style of deformation along the megasplay fault, as was formation of anticlinal structures in the underlying accretionary prism. Periods of increased slumping and mass flow deposition coincided with pulses of enhanced structural activity. This linkage can be documented for three noteworthy episodes: (1) the 1.95-1.7 Ma MTDs that were fed by slope failures along the evolving hanging wall of the MSFZ during an initial high-activity phase of the juvenile out-ofsequence thrust system, (2) slope failures between ∼1.55 and 1.24 Ma along the seaward side of growing anticline structures (during this time period a stratigraphic interval with abundant sand beds was thrust beneath the megasplay, and the combination of rapid compaction-driven dewatering and lateral transmission of overpressured fluids may have lowered effective stress enough to precondition the slopes for frequent failure), and (3) the prominent landslide event around 1 Ma, which may have been triggered by movement along the splay fault and/or by fluid expulsion along the fault into the basal glide plane during a period of enhanced megasplay activity. [53] We conclude that the structural evolution of imbricated thrusts and the MSFZ, with their punctuated episodes of tectonic activity, is what exerted the key influences over magnitude and frequency of submarine slides in the Nankai fore arc. This has important implications for comparable settings of other convergent margins. The tectonics of subduction-accretion affects slope geometry and stress regime in the hanging wall of out-ofsequence thrusts, as well as near the top of anticlinal structures within the accretionary prism. Additionally, the growth of anticlines with highly permeable sand layers, together with overthrusting of sandy slope basins by out-of-sequence thrusts, probably sets up hydrologic conditions in which differential compaction and lateral transmission of overpressured fluids leads to localized reductions of effective stress. Hence, the tectonic regime sets up preconditions to exacerbate the chances of submarine slope failure. In addition, megathrust earthquakes probably contribute to slope failure through dynamic loading by seismic waves and/or further reductions of shear strength from transient pulses of high pore pressure. Our study further demonstrates that detailed knowledge about the spatial and temporal distribution of MTDs in accretionary prism slope basin environments, along with an understanding of their underlying physical origins, can be integrated into a holistic reconstruction of the tectonostratigraphic evolution of subduction margins.
